A cell-free extract from cultured rat hepatoma cells is described that incorporates amino acids into chains of tyrosine aminotransferase that are identical, by several criteria, with tyrosine aminotransferase from rat liver. Extracts from steroid-induced cells are 6-to 10-times more active for tyrosine aminotransferase synthesis than extracts from uninduced cells, although the total incorporation rates are identical.
Glucogenic adrenal steroids induce a 5-to 15-fold increase in the rate of synthesis of tyrosine aminotransferase (TAT) in liver (1) and in cultured rat hepatoma (HTC) cells (2) . To clarify the mechanism of the induction, it would obviously be desirable to be able to observe all the steps of the process in a cell-free extract. The initial steps in the cell-steroid interaction, in which inducing hormones bind to a specific cytoplasmic receptor molecule, followed by association of the steroid-receptor complex with DNA-containing nuclear sites, have already been reproduced in cell-free extracts (3, 4) . In the present communication, we describe a cell-free extract prepared from HTC cells in which polypeptide chainsidentified as TAT by their chromatographic, electrophoretic, and immunological properties-are labeled by added radioactive amino acids and released from polyribosomes. Furthermore, extracts prepared from induced and uninduced cells differ in their ability to label TAT in proportion to the difference in the rates of TAT synthesis measured in the intact cells from which the extracts are derived. These preparations should, therefore, be useful in determining which specific reactions in TAT synthesis are accelerated upon induction.
Numerous reports have appeared describing the cell-free synthesis of mammalian proteins in homologous and heterologous systems. However, the relatively large amount of information available about the biology of TAT induction (5) , and the report that TAT-containing polyribosomes can be concentrated (6) , should make the system described here particularly valuable for studying the molecular basis of hormonal induction of a specific protein.
MATERIALS AND METHODS
6 Liters of a suspension of HTC cells were grown (7) in modified Swim's S-77 medium to a density of 4 X 105 cells per ml. 15 hr before collection of cells, the culture was divided; dexamethasone was added to 3 liters, to a final concentration of 1 gM.
The remaining 3-liter culture was left as a control. Both batches of cells were collected by centrifugation at 800 X g for 10 min, the pellets were washed twice in 200 ml of isotonic saline and finally in 50 ml of solution A [2.5 mM Tris HCl (pH 7.2)-25 mM KCI-5 mM MgC12-0.25 M sucrose]. A 3-liter culture yields a pellet of about 6 ml of washed cells.
The wash and subsequent operations were performed at 2-4'.
A volume of solution A equal to the packed cell volume was added to the cell pellet, and the suspension was homogenized with 30 strokes in a Potter-Elvehjem Homogenizer (size C, Teflon pestle, clearance 0.15 mm). The homogenate was centrifuged for 10 min at 800 X g, and the supernatant layer was centrifuged again for 20 min at 20,000 X g. The top, lipidcontaining layer was discarded, and the remaining "S20" supernatant fraction was carefully removed by suction. From 3 liters of original cell suspension, 10 ml of S20 fraction was obtained, containing about 20 mg of protein per ml (8) .
Cell-free protein synthesis was done in volumes of 10 ml containing, about 6 mg of S20 protein per ml, 1 mM ATP, 0.6 mM GTP, 10 mM phosphoenolpyruvate, 30 ug pyruvate kinase per ml, 4.8 mM MgCl2, 75 mM KC1, 22 mM Tris-HCl (pH 7.2), and 0.1 mCi of NET-250 L-[3H]aminoacid mix. In order to stabilize TAT during the reaction, 0.25 mM pyridoxal-5-phosphate was routinely included in the reaction mixtures; at these concentrations, it had no effect on aminoacid incorporation into total proteins.
Incubations were performed at 370 for 45 min, after which the samples were cooled on ice and centrifuged at 125,000. X g for 1 hr. The supernatant layer, adjusted to contain 0.05 M phosphate buffer (pH 6.5), 2 mM 2-oxoglutarate, and 0.1 mM pyridoxal phosphate, was heated at 650 for 5 min and quickly cooled. The coagulated proteins were discarded by centrifugation (15 min at 20,000 X g), 5 washed, and homogenized as described above. The homogenates were then centrifuged to obtain the 125,000 X g supernatant fractions, which were treated as described above to obtain partially purified, labeled TAT. TAT enzymic activity was assayed automatically by adaptation of the method of Diamondstone (12) to a Technicon autoanalyzer (P. Mamont, unpublished data). Protein concentration was determined by the method of Lowry et al. (8) . The acid-precipitable radioactivity was determined by precipitation of 25-,u1 aliquots with -trichloroacetic acid on Whatman paper disks, by the method of Mans and Novelli (13) ; the disks were counted in 10 ml of scintillation fluid (4 g of Omnifluor per liter of toluene). Values shown represent the average of triplicate determinations.
Immunoprecipitations were performed in conical tubes on 500-,l samples. Partially purified TAT from rat liver (11) was added to bring the enzyme concentration to 10 units/ml. The bottoms of the tubes were punctured, and the contents were driven through an ISCO flow cell at 0.5 ml/min. Pattern "a" is derived from an unincubated S20; "b" and "c," from S20. Preparations were incubated as described in Methods for 15 and 45 min, respectively. "U" refers to patterns from uninduced and "I" to patterns from induced cells.
The incubation mixtures were brought to a final volume of 1 ml, which also contained 25 mM potassium phosphate (pH 7.6), 150 mM KCl, 0.1 mM pyridoxal phosphate, 5 mg of bovine-serum albumin, and 25,ul of sheep antiserum prepared against rat-liver Tyrosine aminotransferase (C. Klein, unpublished data). The antigen-antibody complex was allowed to precipitate at 370 for 2 hr, then transferred to 4°overnight.
The precipitates were collected by centrifugation, and the supernatant solutions were submitted successively to a second and a third immunoprecipitation by addition of portions of both carrier TAT and antibody; the immunoprecipitates were collected and treated in the same manner. The complexes were washed three times by suspension in 1 ml of 0.15 M NaCl and recentrifugation. They were then dissolved in 0.1 ml of 0.5 N NH40H and transferred to Whatman filter paper disks.
The tubes were rinsed twice with 0.1-ml portions of 0.5 N NH40H, which were also added to the paper disks. Radioactivity was counted as described above. After incubation, 50-60% of the acid-precipitable counts remain in the 125,000 X g supernatant layer, suggesting that polypeptide chain termination also occurs in the crude S20 preparation.
In vivo experiments have shown that the adrenal steroids do not alter overall cellular growth or macromolecular synthesis (9) . The present studies are in accord with these observations, since the polysome profiles (Fig. 1) , the total aminoacid incorporation ( * The results in the last column, representing the % of total acid-precipitable radioactivity appearing in TAT, are corrected for the small losses in enzymatic activity occurring during purification (usually only 2-5%, and in no case greater than 10%).
TAT enzymic activity could be observed after incubation of a cell-free extract of rat liver we compared the activity of the enzyme in the reaction mixtures both before and after incubation. However, preparations from neither induced nor uninduced cells showed significant increases. Therefore, we resorted to partial purification of the enzyme, followed by immunochemical isolation. The overall purification of TAT activity in both induced and uninduced samples was 40-to 50-fold and, under the conditions of our experiments, the yield of enzymic activity was more than 90% in proceeding from the 125,000 X g supernatant solution to the final DEAE-cellulose column eluates. The results in Table 1 show the radioactivity recovered in three successive immunoprecipitations. It can be seen that the number of counts recovered in the second immunoprecipitation were almost the same as that found in the third. Therefore, subtraction of the radioactivity recovered in the second (oi third) precipitation from that in the first gives a valid estimate of the incorporation into a specific immunoprecipitate. As shown in Table 1 , unless the immunoprecipitation is done on fractions purified by DEAE-cellulose chromatography, the radioactivity in the second and third precipitates were still high, as compared to the first, making the estimation of specific TAT synthesis less precise in the crude fractions. The results in Table 1 also show that the incorporation of radioactive amino acids into total unfractionated proteins was the same, but that the radioactivity in immunoprecipitated TAT was significantly greater, when the S20 was derived from induced rather than uninduced cells. About 0.02-0.03% of the total radioactivity was incorporated into TAT by extracts from uninduced cells, whereas 0.15-0.2% was incorporated by extracts from induced cells (average of six experiments). All the measurements of specific synthesis of TAT were performed with the 125,000 X g supernatant. However, about 50% of the incorporated counts remain bound to the polysomes. Virtually all of these counts could be detached by treatment with pancreatic ribonuclease, but no immunologically identifiable TAT Electrophoresis was in glass tubes (0.5 X 7.5 cm) at 1 mA per tube for 20 hr at 4°. After the run, the gels were stained for enzyme activity with p-iodonitrotetrazolium violet, phenazine methosulfate, and monoiodotyrosine (14) . The insets represent the gels on which TAT has been stained before being cut into 2-mm fractions. The fractions were heated at 600 for 15 hr in 10 ml of scintillation fluid containing 50 ml of NSC solubilizer (Amersham-Searle), 4 ml of H20, and 4 g of omnifluor per liter of toluene. The ordinate is expressed as % of the total radioactivity recovered in the gel. Extract from uninduced cells, ; extract from induced cells, --.
DEAE-cellulose 5-I eluate containing radioactive TAT, were added to a constant amount of sheep antiserum to TAT. The amount of radioactivity precipitated and the level of enzymatic activity remaining in the supernatant solution are both shown as a function of added carrier. As illustrated, the precipitated radioactivity reaches a maximum at the same point as the enzymically active TAT appears in the supernatant layer, indicating the same immunological equivalence for TAT synthesized in vitro as for the authentic nonradioactive enzyme. Comparable results were obtained with labeled extracts from both induced and uninduced cells, showing the immunologic identity of the enzyme labeled in vitro from these two preparations. As a further test of the specificity of the immunological reaction, the supernatant solutions from the first precipitations were reconstituted with unlabeled carrier TAT, and the titration procedure was repeated. As expected, the results show no such equivalence zone for radioactivity as was observed in the first precipitation.
Radioactive TAT produced by cell-free extracts was characterized further by comparison of its mobility, on polyacrylamide gel electrophoresis, with that of labeled proteins synthesized by induced and uninduced intact cells. The purification and immunoprecipitation of TAT isolated from cells labeled in vivo was strictly comparable to the results shown in Table 1 for the enzyme labeled in vitro. Two types of-experiments were preformed. Labeled DEAE-cellulose Fraction 5 (Table 1 ) from cells labeled in vitro, and the comparable fractions labeled in vivo without treatment with antibody, were applied directly to gels, as described in Fig. 3a and b. Certain gels were frozen and sliced, and the radioactivity of the slices was determined, while others were stained for TAT activity (14) . Fig. 3 shows that there was a close concordance of the radioactive profiles of the mobility of preparations labeled in vitro and in vivo. Furthermore, although other faster-and slower-moving radioactive components were observed in the partially purified extracts, significantly greater radioactivity in the region of enzymically active TAT was produced both in vitro (Fig. 3a) and in vivo (Fig. 3b) by induced than was produced by uninduced preparations.
Partially purified fractions (DEAE-cellulose Fraction 5, Table 1 ), labeled either in vivo or in vitro, were immunoprecipitated, and the precipitates were subjected to electrophoresis in polyacrylamide gels containing NadodecylSO4 and 2-mercaptoethanol (15) . The results, depicted in Fig. 4a and b, show only a single peak of radioactivity, with identical mobility in all cases. The migration was identical to that of purified TAT subunit from rat liver prepared in the same way (11) . The inset of Fig. 4a shows that when the counts are expressed as percent of the total recovered in the gel, the curves for the induced and uninduced extracts are identical.
From all these results, we conclude both that the immunoprecipitation method gives a valid measure of TAT synthesis, (Table 1) from either in vitro (a) or in vivo (b) labeling experiments were subjected to electrophoresis, as described by Weber and Osborn (15) . The washed precipitates were dissolved in 0.1 ml of 0.05 M Tris-0.38 M glycine buffer (pH 8.3) containing 10% sucrose, 1% Na dodecyl S04, and 3% 2-mercaptoethanol, heated for 5 min in a.65' water bath, and incubated for 2 hr at 370. The entire sample was placed on gels containing 10% polyacrylamide in the presence of 0.1% Na dodecyl S04 and electrophoresed at 100 V with 3 mA per'tube for 1 hr. Migration of the protein proceeded from left to right. After electrophoresis, the gels were frozen on dry ice, cut into 2-mm fractions, and counted as described in Fig. 3 . The cpm shown on the ordinate were obtained with an input of 10, cpm of total labeled proteins in the immunoprecipitation reaction. The inset represents the data plotted as % of total counts recovered in the gel. Molecular weights were determined with parallel gels containing protein standards. A, bovine-serum albumin (BSA), *, ovalbumin (OValb), 0, chymotypsin (Chymo).
and that the intracellular conditions leading to a higher rate of TAT synthesis in steroid-induced HTC cells are reflected in cell-free extracts.
The molecular weight of the radioactive TAT subunit synthesized by HTC cells was estimated by disk-gel electrophoresis at about 52,000. The discrepancy between this and the lower values found for rat-liver TAT by other methods (11) is under investigation.
The present results show that cell-free preparations of HTC cells can faithfully translate endogenous TAT messenger RNA and release completed polypeptide chains identical to those synthesized in whole cells. Furthermore, cell-free extracts from induced cells label and release TAT chains more extensively than do similar extracts from uninduced cells, although the over-all rates of aminoacid incorporation and release are identical in the two preparations. These studies should facilitate a direct approach to the mechanisms controlling the synthesis of the steroid-inducible enzyme, TAT.
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